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A  theoretical  study  is  made  of  some  of  the  factors  affecting  ''chance'* 
distribution  of  failure  of  physical  articles,  (''Chance''  failure  is  defined  as 
failure  that  has  equal  probability  of  occurrence  to  survivors  during  equal  time 
intervals  throughout  the  operating  period) .  A  very  simplified  model  of  mech¬ 
anism  and  environment  is  set  up  as  a  point  of  departure.  Several  other  more 
realistic,  and  more  sophisticated,  models  are  introduced  and  compared  with  the 
original  simple  case.  It  is  shown  that  various  extensions  and  alterations  of 
chance  failure  curves  describe  reasonable  caabimtions  of  mechanism  and  environ¬ 
ment,  provided  the  mechanism  does  not  deteriorate  in  failure  resistance  (i.e., 
does  not  tend  to  wear  out)  during  the  operating  period.  Because  of  their  short 
flight  durations,  guided  missiles  can  be  expected  to  fit  this  condition. 


I 


INTRODUCTION 


A  previous  study  of  experimental  data^  have  shown  that  many  failures 
of  equipment,  particularly  of  the  kinds  associated  with  guided  missiles, 
resemble  a  "chance"  failure  distribution  as  defined  in  the  Summary,  above. 

A  detailed  examination  of  this  type  of  failure  and  the  way  in  which  it  relates 
to  1 'wear  out"  failure  has  been  the  next  logical  step  in  studying  guided 
missile  reliability. 

The  investigation  of  failure  of  equipment  naturally  involves  a  study  of 
the  characteristics  of  the  mechanism  in  relation  to  operating  environment . 
Interest  must  be  focused  on  (a)  the  inherent  rasisteuce  to  failure  of  the 
article  and  the  ways  in  which  this  resistance  may  vary  and  (b)  the  severity 
of  the  environment  and  the  ways  in  which  it  may  vary.  Probably  there  are 
infinite  conditions  under  which  environment  and  resistance  to  failure  can 
combine  to  give  a'chance* distribution  of  failure,  and  an  exhaustive  math¬ 
ematical  study  would  be  too  involved  for  the  present  purposes.  Instead,  some 
particular  relations  between  resistance  and  environment  will  be  considered.  In 
what  follows,  the  selected  sets  of  conditions  are  called  ''models'*. 

A  simplified  model  of  "chance"  failure  would  operate  under  the  following 
conditions : 

1.  All  the  mechanisms  are  identical  In  failure  resistance  at  the  start, 

2.  The  failure  resistance  of  the  mechanisms  does  not  decrease  with  operating 
time. 

3.  Failure  arises  from  the  occurrence  of  a  single  event  or  one  of  several 
events,  an  instance  of  which  is  equally  likely  to  happen  at  any  time 
and  thus  have  a  fixed  probability  of  occurrence  per  unit  time. 

The  conditions  of  this  model  of  failure  appear  oversimplified  in  the  following 
respectB : 

Condition  1.  Individual  mechanisms  are  not  likely  to  exhibit  the  same  failure 
resistance  but  will  have  some  sort  of  frequency  distribution  between  the 
best  and  worst  of  the  population.  A  fired  probability  of  failure  per  unit 
time,  of  course,  results  if  an  environment  more  severe  than  a  particular 
value  fails  all  the  mechanisms  and  less  than  that  severity  value  fails  none 
of  the  mechanisms.  With  variability  of  failure  resistance  among  mechanisms, 
the  probability  of  failure  per  unit  time  varies  among  the  different  indi¬ 
viduals. 


Condition  2.  Deterioration  of  failure  resistance  can  be  expected  of  at  least 
some  characteristics  of  a  mechanism  during  operation.  However,  for  the 
short  periods  of  use  in  guided  missiles  the  assumption  seems  valid.  Deteri¬ 
oration  prior  to  use  can  well  'be  considered  under  condition  1  as  producing 
a  variable  failure  resistance  among  different  members  of  the  population. 

Condition  ).  Failure  probably  arises  aB  the  result  of  the  failure-causing- 
environment  exceeding  the  failure  resistance  of  the  particular  mechanism. 

The  environment  could  consist  of  a  series  of  discrete  events  whose  magni¬ 
tude  is  distributed  in  some  as  yet  unspecified  fashion.  A  simple  assump¬ 
tion  is  that  the  events  occur  at  equal  time  spacings.  Ktare  realistically 
their  time  spacings  might  be  considered  a  random  variable,  having  a  parti¬ 
cular  mean  value. 

A  continuously  variable  environment  such  as  a  radio-signal  voltage 
can  be  evaluated  as  a  series  of  discrete  events,  for  the  peak  voltages  may 
well  impose  the  greatest  strain  on  electrical  components.  The  severity  of 

A 

each  event  is  the  peak  voltage;  the  mean  frequency  of  occurrence  is  deter¬ 
mined  by  the  average  spacing  of  the  peaks . 

Mathematical  Models 


In  view  of  the  preceding  remarks  some  realistic  assumptions  are  made  as  to 
the  distributions  of  environmental  severity  and  failure  resistance  and  models 
thereof  examined . 

a  wnMJSiw  w  stem.  ABB  FAHSHg  Before  process¬ 

ing  further  with  the  examination  of  mathematical  models  of  failure,  the  concept 
of  earironaantal  seyrscrity  sast  ba'jiitfiaod. 

Failure  of  mechanisms  results  from  a  variety  of  environmental  effects  such 
as  forces,  heat,  electrical  phenomena,  chemical  reaction,  etc.,  and  all  the 
ramifications  of  such  physical  occurrences.  The  whole  spectrum  of  environ¬ 
mental  effects  are  potential  causes  of  failure  for  a  particular  mechanism 
which  has  a  specific  but  different  level  of  resistance  to  each  effect. 

It  appears  reasonable  to  assuss  that  the  various  types  of  occurrences  are 
independent  events  as  are  the  mechanism’s  failure  resistance  to  each  of  the 
types  of  environment.  Failure  of  the  mechanism  is  then  the  occurrence  of  any 
one  of  several  independent  events.  The  models  examined  assume  a  single  type 
of  environment  and  evaluate  the  resulting  failure  distribution  with  time.  The 
failure  distribution  of  an  actual  mechanism  must  account  for  all  causes  and  is 
therefore  a  new  distribution  made  up  of  those  arising  from  each  cause.  Some 
typical  cases  of  combined  distributions  have  been  discussed  in  Eef.  1. 


j 


In  this  discussion  both  failure  resistance,  R,  and  environmental  severity,  E, 
are  evaluated  in  terms  of  the  initial  mean  failure  resistance  of  the  population 
of  mechanisms,  making  them  dimensionless  ratios: 


failure  resistance  of  a  particular  mechanism 
initial  mean  failure  resistance  of  the  mechanisms 


severity  of  a  particular  environmental  event _ 

initial  mean  failure  resistance  of  the  mechanisms 


Q  HUMER  OF  EWTROMMTAL  OCCURRENCES 

In  all  the  models  the  failure-causing  environment  will  be  considered  as  a 
series  of  discrete  events  of  varying  severity.  The  events  are  assumed  to 
he  random  occurrences  equally  likely  to  happen  at  ary  time  during  the  operating 
pericdj  the  mean  time  between  events  is  designated  y. 

The  number  of  occurrences  (n)  exhibited  during  t.u  operating  period  (t)  fol¬ 
lows  a  Poisson  distribution  in  which  the  probability  of  precisely  n  occurrences, 
P(n),  is  given  by  the  expression: 


P(n)  =  j,  ft)  e'  %/y  . . (1) 

C  SWERIxf  OF  EWIROMEFTAL  OCCURRENCES 

If  the  distribution  function  of  the  severity  of  discrete  environmental 
occurrences  is  represented  by  f(E),  then  the  probability  of  a  single  event  not 
exceeding  a  particular  value,  E^,  is: 

A 

P1  (E  £  K  )  =  f(E)dE  . . . (?) 

J  o 


and  the  probability  that  none  of  a  series  or  n  events  exceeds  the  value 
becomes 
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(3) 


During  an  operating  period,  t,  the  probability  of  no  environment  exceeding 
a  given  severity  is  the  summation  of  the  probability  of  getting  each  number  of 
environmental  events  times  the  probability  that  none  of  that  number  exceeds  the 
given  value  In  severity : 
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In  passing  it  is  recalled  that  the  expression  1  -  j  f(E)dE  represents 

'o 


the  probability  of  the  environment  having  a  value  greater  than  during  a 


single  event  which  is  considered  a  potential  cfuse  of  failure.  If  the  mech- 
anisja  is  to  have  a  reasonable  chance  of  surviving  an  operating  period  consisting 
of  a  large  number  of  such  events,  it  is  obvious  that  the  probability  of  failure 
per  event  must  be  very  small.  Expanding  equation  [h)  in  an  infinite  Ferles,  the 
third  and  subsequent  terms  may,  under  these  special  conditions,  he  disregarded 
as  increasing  powers  of  a  very  small  quantity  and: 
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t/y  is  the  expected  or  mean  number  of  occurrences,  ii,  indicating  that  the 
conditions  of  the  model  are  closely  approximated  by  assuming  a  constant  number 
of  environmental  events  equal  to  the  mean  number  occurring  during  the  time 
interval.  The  approximation  (Eq.  5)  may  be  substituted  for  the  exact  expression 
(Eq.  U)  if  convenient  under  the  conditions  stated. 

P,  FAILURE  RESISTANCE 

As  before  stated  the  failure  resistance  of  a  mechanism  in  the  model  will  be 
assumed  to  be  the  maximum  environmental  severity  that  the  mechanism  can  withstand 
without  failure.  Failure  resistance,  which  will  be  designated  by  R,  will  be  in  the 
same  dimensionless  units  as  environmental  occurrence  severity,  E.  The  normal 
distribution  is  intuitively  satisfying  as  a  description  of  failure  resistance  of 
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a  group  of  mechanisms  and  is  used  for  all  models.  By  previous  definition  the 
mean  of  the  failure  resistance  distribution  is  unity;  the  standard  deviation  is 

(?) 

designated  by  the  symbol  a .  Frees  the  normal  distribution  the  probability  of 
failure  resistance  of  a  mechanism  having  a  value  between  and  (R^  +  dR)  is 

/E1  ‘  1 \ 2 

P(R  <R<R  +d R)  =  — —  e"1/2  (  ~“T~  j  dR  -  - . (6) 

y&r  a 

E.  PROBABILITY  of  ho  failure  for  the  population 

The  probability  of  no  failure  for  a  particular  mechanism  having  a  failure 
resistance  is  obviously  the  probability  that  no  environmental  event  exceeds 

R^  in  severity  (Eq.  4).  The  probability  of  no  failure  of  a  randomly  selected 
mechanism  is  then  the  integral  over  the  range  of  R  values  of  the  probability  of 
no  environmental  event  being  more  severe  than  the  value  R^  times  the  probability 
of  getting  a  mechanism  with  the  precise  failure  resistance  R^. 


Since  in  the  models  selected  the  integral  cannot  be  evaluated  directly,  a 
graphical  method  is  employed.  For  corresponding  values  of  R^  ranging  from  0  to 


-t/y  jj.  -Jq  (E)dE 


oo ,  a  graph  is  plotted  using  Q  «  e 


as  the  ordinate  value  end 


element  of  area  under  the  curve 


cr  /  dR  as  the  abscissa  value. 

is 


Then  an 


.  / 


By  repeating  this  procedure  for  various  values  of  the  wean  number  ci  environ- 
mental  occurrences f  ii,  corresponding  to  different  lengths  of  the  operating  period, 
t,  a  curve  of  probability  of  success  or  reliability  for  a  particular  model  can  be 
related  to  the  operating  period. 

f  MODELS  EXAMINED 

Model  la.  The  environmental  severity  1b  assumed  to  have  the  negative  expo- 

i  .  JL 

nential  distribution  f(E)  =  6  0.2  the  mean  value  of  E  being  0.2.  The  least 

severe  events  occur  most  often  and  the  frequency  of  occurrence  decays  exponentially 
as  the  severity  increases,  a  trend  that  applies  to  many  environmental  features, 
for  example,  air  gusts.  The  probability  of  the  environmental  severity  of  a  single 
event  being  greater  than  unity  (mean  failure  resistance  of  the  mechanisms)  is 
approximately  0.007. 

The  failure  resistance  of  the  mechanisms  is  assumed  to  have  the  normal  distri¬ 
bution: 


for  which  the  standard  deviation,  0.2,  produces  a  rather  wide  spread  of  values 
of  R  (95.5  percent  lie  between  0.6  and  1.4).  The  failure  resistance  was  assumed 
not  to  deteriorate  with  use.  Fig.  1  is  a  typical  series  of  working  curves,  the 
area  under  each  of  which  represents  the  reliability  for  a  lifetime  consisting  of 
n  mean  number  of  environmental  occurrences .  In  Fig.  2  reliability  is  plotted  as 
a  function  of  mean  number  of  occurrences  (operating  time)  using  the  values  obtained 
from  Fig.  1.  The  negative  exponential  character  of  the  curve  is  obviously  similar 
to  the  "chance*'  failure  distributions  found  in  actual  data. 

Model  lb.  This  model  is  identical  to  Model  la  except  that  the  standard  devia¬ 
tion  of  the  mechanism  failure  resistance  is  o  =  0„25  and  the  frequency  distribution 
of  environmental  severity, 
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The  mean  severity  of  environsental  events  (E  »  5)  is  then  much  greater  than  the 
mean  failure  resistance  and  the  occurrence  of  an  environmental  event  practically 
assures  a  failure.  The  probability  of  success  Is  very  nearly  the  probability 
that  no  environmental  event  occurs,  and,  as  might  be  expected,  the  probability 
of  success  curve  is  only  slightly  higher  than  the  exponential  curve  represent¬ 
ing  tho  probabili  ty  of  no  ©vaa occurring  vhaa  a  everts  are  corseted  (ae©  Pig. 3) : 

„  -n  t  t 

P  =  e  where  n  =  —  . 

y 

Model  Ic.  The  region  intermediate  between  the  extremes  of  Models  la  and  lb 
is  examined  by  choosing  the  mean  environmental  severity  equal  to  the  mean  failure 
resistance.  The  standard  deviation  of  failure  resistance  1b  0.25  as  in  lb. 

Figure  4  illustrates  the  exponential  character  of  this  failure  probability  inter¬ 
mediate  between  those  of  Figs.  2  and  5.  The  dotted  curve  is  the  exponential 


Model  II.  The  conditions  of  this  model  are  Identical  to  those  of  Model  la 
except  that  environmental  severity  was  assumed  to  have  e  normal  instead  of  neg¬ 
ative  exponential  distribution: 


Most  of  the  environmental  events  have  a  severity  near  the  mean  value,  0.6, 
and  oractieally  all  severities  lie  between  0.15  and  1.05.  Fig.  5  illustrates 
the  exponential  character  of  reliability  as  a  function  of  operating  time.  It 
is  noted  that  after  a  rapid  early  decrease  in  reliability  the  failure  rate  levels 
off.  Tnis  is  inherent  in  the  conditions  and  constants  of  the  model  for  in  the 
early  stages  (small  values  of  n)  the  weaker  mechanisms  are  failed.  After  this 
weeding  out  process  has  continued  for  a  time,  the  remaining  population  is  suf¬ 
ficiently  failure  resistant  that  the  probability  of  occurrence  of  an  environment 
severe  enough  to  cause  failure  is  very  remote.  The  mean  failure  resistance  of 
the  remaining  population  then  increases  with  elapsed  operating  time  and  the  pro¬ 
bability  of  failure  per  unit  time  decreases  with  increased  use. 

Model  ITI.  The  conditions  of  this  model  are  identical  to  those  of  Models 
la  and  II  except  that  environmental  severity' is  assumed  to  have  a  rectangular  dis¬ 
tribution.  That  Is,  the  severity  of  Individual  environmental  occurrences  is  equal- 
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ly  likely  to  have  any  value  between  an  upper  limit,  1.1  and  lower  limit,  0,1. 
Then 


f(E) 


1 

1.1  -  0.1 


and 


r 


f(E)dE  =  E 


0.1  (0.1  -  B  -  1.1) 


Fig.  6  represents  the  reliability  of  this  model  as  a  function  of  the  length 
of  the  operating  period.  An  exponential  type  of  curve  is  observed  which  approaches 
a  horizontal  reliability  asymptote  of  0.31,  Under  the  conditions  of  the  model,  it 
is  impossible  to  fail  that  fraction  of  the  mechanisms  whose  failure  resistance  is 
greater  than  the  most  severe  environmental  event  (l.l). 

Model  IV.  This  model  corresponds  to  Model  la,  having  a  normal  distribution 
of  failure  resistance  and  a  negative  exponential  distribution  of  environmental 
severity.  However,  the  mean  failure  resistance  is  assumed  to  deteriorate  with 
time  instead  of  being  constant.  The  deterioration  rate  is  assumed  to  be  pro¬ 
portional  to  the  degree  of  deterioration  at  any  time  using  the  relation  for  mean 
failure  resistance,  B  =  ^  (3  -  eu  n)  and  a  constant  standard  deviation  of 


failure  resistance,  0.1, 
making  . 

f(H)  -  — A-  e-1/2 

o.i  I'SF 


B  - 


L_ 


0.001 

e  ) 


0.1 
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The  environmental  severity  distribution  of  this  model  is: 

]  _  JL 

f(E)  =  — L-  e  0.1  . 


Fig.  7  indicates  the  rather  normal  tendencies  of  the  probability  of  failure 
versus  number  of  occurrences  (time)  of  thj  ~  model,  which  tendencies  have  been 
postulated  as  the  distribution  type  attendant  upon  mechanisms  that  wear  out.  It 
can  be  shown  that  the  deviation  of  the  model  distribution  function  from  a  normal 
is  practically  eliminated  by  the  use  of  an  arc  tangent  function  to  represent  mean 
mechanism  failure  resistance: 


~1 

B  =  a  +  b  tan  (c  n  -  d)  in  place  of  the  exponential  decay  of  mean  failure 
resistance  .(a,b,c,  and  d  are  constants) . 
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Model  7  As  a  variant  of  Moddl  ITT  the  diminution  of  failure  resistance  is 
assumed  to  have  an  arbitrary  but  conceivable  function  of  operating  tims: 


where  f(u)  is  the  normal  distribution  function  and  u  is  evaluated  eb  u  =  0.01  V  -3. 

This  function  is  similar  in  derivation  to  the  force  of  mortality  used  in 
actuarial  calculations.  The  environmental  severity  used  in  this  model  is; 


f(K)  =  ~~  g"®/0'1 

v  i  A 


The  reliability  of  this  model  as  a  function  of  the  number  of  occurrences 
shown  in  Fig.  8  has  rather  normal  characteristics. 
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bution 
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relative  to  mean 
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Envelope  of  chance 
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lb 

Same  aa  la 

Same  as  Ia  except 
mean  environment 
high  relative  to 
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Close  to  chance 
failure.  Fig.  5> 

p.  11. 

Ic 

Same  aa  Id 

Same  as  Ia  except 
mean  environment 
equal  to  mean  resis¬ 
tance. 

Close  to  chance 
failure.  Fig.  4, 

p.  12. 

II 

Same  aa  Ia 

"Normal"  distribu¬ 
tion.  Mean  environ¬ 
ment  slightly  lower 
than  mean  resistance. 
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failure  modified 
by  long  lived 
survivors  Fig.  5> 
p .  15 . 
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bution.  Mean  environ* 
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mean  reisitanc-e 
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failure  modified 
by  some  immortal 
survivors.  Fig.  6, 
J?.  15. 

Resembles  "Normal" 
distribution  curve. 
Fig.  T j>  P-  16. 

IV 

Same  aa  Ia,  except 
resistance  deteriorate,' 
during  operation, 
i.e.,  "wear  out" 
occurs . 

Same  as  la,  except 
mean  environment 
very  low  relative 
to  mean  starting 
resistance . 

V 

Same  as  la  except 
resistance  deter¬ 
iorates  in  a  manner 
similar  to  human 
life  expectancy. 

Same  as  Ia  except 
mean  environment 
jvery  lav  relative 
[to  mean  starting 
resistance . 

Similar  to  Model 

IV.  Fig.  8,  p.18. 
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CONFIDENTIAL 

DISCffSSIOK 

A ,  Variation  of  Failure  Rsaistanco  With  Time. 

It  io  perhaps  obvious  that  if  all  the  factors  affecting  the  probability 
of  failure  of  survivors  remained  unchanged  with  th©  passage  of  time,  the  pro¬ 
bability  of  survivor  failure  would  also  remain  unchanged  and  a  pure  "chanse" 
failure  distribution  would  be  the  only  possible  outcome  of  the  circumstances. 

The  models  examined  display  deviation  from  the  "  chance ,f  hypothesis  which  must 
arise  from  a  variation  of  the  survivor  failure  resistance  with  time  since  the 
other  factors  are  assumed  invariable. 

In  the  non-deteriorating  models,  as  has  been  pointed  out,  the  early  failures 
tend  to  eliminate  the  weaker  units.  Thus  the  moan  failure  resistance  of  the  sur¬ 
vivors  increases  with  the  passage  of  time.  The  failure  distribution  of  Model  la 
is  plotted  in  Fig.  9  together  with  the  ’’chance''  distributions  corresponding 
to  several  points  in  the  time  history  of  Model  la.  The  ' 'chance' '  curves  fit 
the  model  curve  very  closely  in  the  region  close  to  the  tangent  point.  In  fact 
the  model  failure  distribution  is  the  envelope  of  a  series  of  "chance"  curves 
whose  moan  times-to-failure  increase  with  increasing  time. 

In  contrast  with  increase  in  failure  resistance  of  a  population  from  natural 
selection  with  passage  of  time,  the  effect  of  time  deterioration  of  failure  re¬ 
sistance  was  noted  in  Models  17  and  V.  In  Fig.  10  it  is  apparent  that  the  rather 
normal  distribution  curve  of  Modal  IT  is  the  envelope  of  a  eioriea  of  ^chance" 
curves  whose  slope-to-'noight  ratios  (failure  susceptibilities)  increase  numeri¬ 
cally  with  increasing  time.  It  Is  Interesting  to  speculate  that  the  deterioration 
of  the  surviving  population  in  an  actual  situation  might  compensate  for  the  increase 
in  mean  failure  resistance  resulting  from  the  elimination  of  the  weaks.  Should 
these  opposite  effects  maintain  the  failure  resistance  distribution  of  the  survi¬ 
vors  identical  to  the  original  distribution,  a  pure  ''chance''  failure  distribution 
would  result, 

B,  Simplifying  ApproAimations . 

Examination  of  the  basic  formula  for  probability  of  success  (Eq.  7)  making 
use  of  some  simplifying  assumptions  sheds  some  light  on  the  conditions  that  would 
produce  an  actual  failure  distribution  similar  to  those  arising  from  pure  "chance" 
occurrences.  It  is  recalled  that  a  pure  "chance"  failure  distribution  evaluates 
the  probability  of  success,  P,  during  an  operating  period  t  as: 
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Jeiiiig  f(E)  to  describe  th® , distribution  function  of  the  environmental 
severity  and  f(B)  to  denote  th©  distribution  function  of  the  mechanism  failure 
resistance ,  equation  7  reduces  to? 


fOO©  -  -  -  -  - . (11) 


Th©  range  of  failure  resistance  employed  in  Model  lb  is  narrow  compared  to 
the  range  of  environmental  severity.  Consequently,  there  is  little  more  pro- 
babiiity  of  failure  for  the  weak  mechanisms  than  for  the  strong  ones  and  the 
distribution  of  survivors  will  not  change  much  with  time.  Moreover  the  mean 
value  of  the  failure  resistance  of  survivors  changes  even  Isas.  In  Model  Tb 
the  probability  of  failure  for  the  average  mechanism  at  the  start  is  0.819  per 
each  environmental  event.  During  an  operating  period  t,  the  expected  number  of 
failure  causing  circumstances  is:  /  =  O.819  t/y  which  produces  a  "chance" 
distribution  of  probability  of  success  during  time  t  for  the  average  mechanism: 


p  =  e -0.8l9  t/y 


(12) 


The  probability  of  success  of  the  average  mechanism  (Eq.  12)  is  practically 
indistinguishable  fresn  that  of  the  distributed  population  shown  in  Fig.  3. 

Frcsa  equation  11,  if  all  the  mechanisms  have  the  same  failure  resistance, 
the  probability  of  success  reduces  to  the  "chance"  form; 

P  =  „-*/?  [l-/1  «««]„.-* . (15) 


regardless  of  what  form  the  environmental  distribution,  f (E) ,  may  have.  As 
pointed  out  above,  a  population  of  mechanisms  displaying  a  narrow  range  of 
failure  resistance  may  be  reasonably  approximated  by  the  average  mechanism  of 
the  population.  Engineering  design  and  quality  control  procedures  tend  to  produce 
mechanisms  with  small  ranges  of  failirre  resistance  compared  to  environmental 
severity  which  should  therefore  produce  "chance"  failure  distributions  regardless 
of  the  environmental  distribution,  provided,  of  course,  wear-out  effects  do  not 
enter  into  the  process. 
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No?/  consider  the  simplifying  assumption  that  all  environmental  events  arc  of 
equal  severity  Then  the  probability  of  a  single  onvironmontal  event  being 
more  severe  than  a  particular  failure  resistance,  F,yis: 


P  (E>  B) 


f.(E)dE  =  1  if  0<B;<E1 


s 


=  0  if  Jt  O’ 


and  from  equation  (ll)  th©  probability  of  success  of  th©  population  of  mechanisms 
during  tine  t  is: 


+  1-c 


where  c  is  th©  fraction  of  mschanisss  having  a  failure  resistance  less  than  the 
environmental  severity,  E^,  and  1-c  is  th®  fraction  having  a  failure  resistance 
greater  than  1^.  The  failure  distribution  under  this  simplifying  assumption  ia 
a  hybrid  composed  of  a  chance  failure  fraction,  c,  and  an  invulnerable  fraction, 
1-c,  Models  II  and  III  produce  distributions  rather  similar  in  character  to  that 
described  by  Eq.  IV. 

Should  environmental  severity  have  a  distribution,  the  smallest  value  of 
which  Is  greater  than  failure  resistance  of  the  strongest  mechanism,  any  occur¬ 
rence  will  fail  any  mechanism.  The  probability  of  success  is  then  the  probability 
of  no  environmental  occurrences, 

which  also  ia  a  pure  '’chance''  failure  distribution. 

Model  Ic  Illustrates  the  case  in  which  the  distributions  of  failure  resist¬ 
ance  and  environmental  severity  overlap  each  other  to  a  very  great  extent.  Ifhile 
th©  actual  distribution  deviates  appreciably  from  the  approximation  based  on  the 
sruda  assumption  that  all  the  mechanisms  exhibit  the  moan  value  of  failure  resist¬ 
ance,  the  percent  of  error  arising  from  the  approximation  is  surprisingly  small. 
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C.  Improving  Reliability  by  Artificial  Selection 

Soma  general  infersaces  can  be  dratai  regarding  an  artificial  selection 
procss ei  to  improve  reliability  ia  the  light  of  the  models  exesiaed.  Sucii  ah 
artificial  selection  procoas  is  designed  to  eliminate)  the  weaker  individuals 
from  tfea  pojmlatlcn  by  subjecting  the  whole  population  to  a  pre-use  environment 
which  will  fail  the  poorer  specimens .  If  the  failure  resistance  of  the  surviv¬ 
ors  is  greater  than  that  of  the  unselected  population,  an  improvesaant  in  relia¬ 
bility  results.  The  failure  distribution  of  the  select  group  will  exhibit  the 
same  general  characteristics  as  that  of  the  original  population  but  the  mean, 
time  to  failure  will  tend  to  b®  longer  and  the  probability  of  failure  during 
equal  operating  periods  will  be  smaller. 

The  criterion  of  an  effective  selection  process  is  that  It  either  fail  or 
indicate  the  weak  units  and  further  that  it  does  not  seriously  wealssn  the  surviv¬ 
ors  of  th©  process  (little  deterioration  during  selection) .  It  follows  that  the 
skissaing  off  of  a  random  sample  is  an  ineff ictivra  process.  Service  eae&itions  tend  to 
tend  to  largo  variations  in  eaviromeatal  severity  like  the  conditions  of  the  models 
explained.  Selection  under  service  conditions  will  usually  produce  little  improve- 
sent  in  the  selected  population  as  the  selection  process  will  not  fall  same  of  the 
weak  units  and  will  fail  same  of  the  strong  ones,  thus,  Bkksdng  off  a  random 
sample.  Effective  selection  results  from  a  closely  controlled  mvirosmsnt  designed 
to  fail  all  the  mechanisms  weaker  than  the  deair ©1  value  and  pass  the  stronger 
ones.  A  further  requirwant  of  the  selection  esvirousiant  Is  that  it  does  not 
weaken  the  failure  resistance  of  th©  survivors.  A  standard  "running  in"  test  on 
aircraft  engines  is  an  example  of  a  controlled  elimination  of  weak  mite. 

C0IiCL!)SI0E3 

1.  It  appears  that  a  negative  exponential  or  "chance"  type  of  failure 
distribution  approximately  describes  reasonable  combinations  of  environment  and 
mschanii&a  having  the  distribution  types  assumed,  provided  the  mechaoisa  does  not 
deteriorate  in  failure  resistance.  During  the  short  operating  periods  of  interest 
in  guided  missile  reliability  prediction,  the  assumption  of  no  deterioration 
appears  quite  valid.  Also  for  short  operating  periods  an  exponential  or  "chance" 
approximation  is  very  accurate. 
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2.  fh©  introduction  of  failure  resistance  deterioration  into  the 
situation  changes  the  characteristics  of  the  failure  distribution  with  tins  to  a 
rather  nortral  appearing  function,  at  least  fer  reasonable  deterioration  assump¬ 
tions, 

3.  Artificial  selection  processes  may  be  set  up  to  Improve  reliability  by 
eliminating  weak  numbers  and  thus  increase  the  average  failure  resistance  of  the 
population.  A  closely  controlled  environment  that  does  not  seriously  impair  the 
failure  resistance  of  the  survivors  appears  best  suited  to  the  process. 
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f(  ) 
f(u) 
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n 


P 


=  •%  constant 

=  a  constant 
=  a  constant 
=  a  constant  or 

a  differential  element  of  a  variable  as  &x 

=  tha  constant  2.7185 

■  environmental  severity 

«  mean  ®nvLe*omantal  severity 

=  a  function  of  the  parenthesized  variable 
usually  the  distribution  function 

=>  normal  distribution  function  of  u  =  1  e  -l/2  u2 

*  * 

p  a  constant 

»»  number  of  environmental  events  occurring  during  an  operating 
period 

»  average  number  of  environmental  events  occurring  during  an 
operating  period 

«  probability 

=>  ordinate  value  used  in  probability  computation 


R 

5r 

s 

t 


l(0ubscript) 
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failure  -resistance 
mean  failure  resistance 
abscissa  value 
operating  period 

average  time  interval  between  environmental  events 
a  particular  value  of  the  variable  as  Rj. 
expected  number  of  events  or  failures 
standard  deviation 
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